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We demonstrate experimentally the condensation of exciton-polaritons through optical trapping.
The non-resonant pump profile is shaped into a ring and projected to a high quality factor micro-
cavity where it forms a 2D repulsive optical potential originating from the interactions of polaritons
with the excitonic reservoir. Increasing the population of particles in the trap eventually leads to
the emergence of a confined polariton condensate that is spatially decoupled from the decoherence
inducing reservoir, before any build up of coherence on the excitation region. In a reference exper-
iment, where the trapping mechanism is switched off by changing the excitation intensity profile,
polariton condensation takes place for excitation densities more than two times higher and the
resulting condensate is subject to a much stronger dephasing and depletion processes.
Strong coupling of cavity photons and quantum-well
excitons gives rise to mixed light-matter bosonic quasi-
particles called exciton-polaritons or polaritons [1]. Due
to their photonic component, polaritons are several or-
ders of magnitude lighter than atoms, which makes their
condensation attainable at higher temperatures [2, 3].
The manifestations of polariton condensation include po-
lariton lasing [4], long-range spatial coherence [5, 6] and
stochastic vector polarisation [7]. In an ideal infinite two-
dimensional cavity the polariton gas is expected to un-
dergo the Berezinsky-Kosterlitz-Thouless (BKT) phase
transition [8], while in realistic structures, polaritons can
condense in traps induced by random optical disorder [2]
or mechanically created potentials [3, 9]. Polariton con-
densation has also been observed in structures of lower
dimensionality [10–13] where the structure itself acts as
the trapping potential. Furthermore, the manipulation
of polariton condensates by optically generated poten-
tials has been previously shown [14–16]. In these works
the condensation process was not assisted by the optical
potential but used to localize an already formed polariton
condensate.
Here, we report on the first manifestation of polari-
ton condensation assisted by an optically generated two
dimensional potential. This scheme allows for the forma-
tion of a polariton condensate spatially separated from
the excitation spot. Owing to the efficient trapping in the
optical potential we observe a reduced excitation density
threshold as well as higher coherence due to the decou-
pling of the condensate from the exciton reservoir. Po-
lariton condensation prior to the build-up of coherence
in the form of photon or polariton lasing [17, 18] at the
excitation area on the sample, decisively resolves the de-
bate on the phase relation between the excitation laser
and polariton condensate.
We used a high quality factor GaAs/AlGaAs microcav-
ity containing four separate triplets of 10 nm GaAs quan-
tum wells and has a vacuum Rabi splitting of 9 meV [19],
held at ∼ 6.5 K in a cold-finger cryostat and excited
non-resonantly at the first reflection minimum above the
cavity stop band with a single-mode continuous wave
laser. The excitation beam profile was shaped into a
ring in real space with the use of two axicons and was
projected to the microcavity through an objective lens
(NA = 0.4) creating a polariton ring with a mean di-
ameter of ∼ 20µm on the sample (Supplementary Infor-
mation, ??), which is of the order of the polariton mean
free path in planar microcavities and much larger than
the exciton diffusion length of the quantum wells of our
sample [20, 21]. The excitation beam intensity was mod-
ulated with an acousto-optic modulator at 1% duty cycle
with a frequency of 10 kHz to reduce heating.
FIG. 1. Polariton trap over real space excitation spot, dis-
playing the trapping mechanism. Polaritons scattered to high
energy states leave the trap, while those scattered to low en-
ergy and momentum remain confined.
The nonresonant excitation creates a hot electron-hole
plasma, which then forms excitons. Hot excitons cool
down by exciton-phonon scatterings [22]. When they en-
ter the light cone they couple strongly to the cavity mode
and populate the lower polariton branch on the ring. Ex-
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FIG. 2. Single-mode exciton-polariton condensate in a ring-shaped trap. Emission images in real space below (a), at (b) and
above threshold (c). The inset in (c) shows the interference fringes of the condensate. Red line in (c) is the condensate profile
along the x axis. Polariton condensation is clearly visible in the center of the ring and is separate from the excitation spot
outlined by the emission in (a). (d), (e), (f) Dispersion images below (d), at (e) and above (f) threshold. (g), Same as (c) but
with a logarithmic colourscale showing that the condensate propagation beyond the trap is minimal.
citons diffuse around the excitation area but due to their
large effective mass they are unable to reach the center
of the ring. The repulsion of polaritons from the ring-
shaped exciton reservoir can be described by a mean-
field ring-like trapping potential, which is approximately
1 meV deep in the center at the pumping power corre-
sponding to the condensation threshold. Uncondensed
polaritons start from the blueshifted states on the ring
and ballistically expand [23] either towards the center or
outside. Those which propagate to the center eventually
collide with each other (see Fig 1). The energy of the
ensemble of polaritons is conserved by these scattering
events, so that the kinetic energies of approximately half
of the polaritons are reduced, while the other half have
their kinetic energies increased. As a result, a fraction of
the polariton gas is no more capable to escape from the
trap due to the lack of kinetic energy, while the rest can
easily fly away over the barriers. Further scatterings of
the trapped polaritons lead to the increase of the kinetic
energy of some of them so that they become able to leave
the trap. By increasing the excitation power, the polari-
ton population inside the trap builds up and a condensate
forms at the center of the ring that is quickly enhanced
due to final state polariton stimulated scatterings [24].
Polariton emission in real space for powers greatly be-
low threshold outlines the pump profile (Fig. 2a). At the
onset of condensation, photoluminescence(PL) from the
center of the trap is of the same intensity as emission
from the ring (Fig. 2b). Above threshold (Fig. 2c,g) a
Gaussian shaped single-mode condensate, with full width
at half maximum (FWHM) of 5.46µm and standard de-
viation σx = 2.32µm, is formed and effectively confined
inside the ring (images of the complete power dependence
have been compiled in a video that can be found in the
supplementary information). Michelson interferometry
images (inset in Fig. 2c) confirm the buildup of coherence
in the condensate (Supplementary Information, ??).
The dispersion of polaritons for the entire surface of
the ring and for different pumping powers can be seen at
Fig. 2d-f. Below threshold we observe a normal parabolic
lower polariton branch. As the polariton density in the
centre of the ring is increased close to threshold, we
observe a blueshifted dispersion from the polaritons in
the trap, coexisting with the parabolic dispersion of un-
trapped polaritons as it will become evident further on
in this Communication from spatially resolved dispersion
imaging. The two lobes of the outer dispersion in Fig. 2e
correspond to high momentum polaritons escaping from
the centre of the ring. By further increasing the excita-
tion power a condensate appears in the ground state of
the blueshifted dispersion with zero in-plane momentum
and standard deviation σkx = 0.24µm
−1, shown in log-
arithmic scale in Fig. 2f. The macroscopically occupied
ground state is very close to the Heisenberg limit, having
σxσkx = 0.56 lower than previously reported values [25].
This confirms that phase fluctuations in the condensate
are strongly reduced.
Spatially-resolved dispersion images reveal that un-
trapped polaritons positioned on the rim of the ring
have high energies and large wavevectors (Fig. 3b), while
those in the center of the trap primarily populate the
lower states even at pump powers much below threshold
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FIG. 3. Trapping potential and spatially-resolved disper-
sions. (a), (b), Dispersion images below threshold (P =
0.2Pth) from a 5µm diameter spatially filtered region from
the center of the ring (a) and from the rim (b). Energy pro-
file of the central slice of the ring at threshold (c) and the
extracted maxima of intensity along the x axis for visualiza-
tion of the trap profile (d). Points a and b correspond to (a)
and (b) respectively.
(Fig. 3a) (see also supplementary information ??). The
dispersion of the polaritons on the edge of the ring does
not change greatly with increasing power(for the power
range that we examined), while the dispersion images at
the center of the trap demonstrate condensation at k = 0
above threshold. The profile of the trap can be visual-
ized by energy resolving the central slice (< 0.2µm) of
the excitation ring (Fig. 3c). By extracting the energy
that corresponds to the maximum intensity along each
point of the x axis of Fig. 3c, the trap potential can
be assembled (Fig. 3d). The trap depth at threshold is
∼ 1 meV. The two circles in Fig. 3d annotate the points
where the spatially filtered dispersions were acquired.
Full spatial separation of the condensate from the
pump induced excitonic reservoir has important impli-
cations on the spectral and dynamic properties of polari-
tons [26] even below threshold. Due to the efficient stim-
ulated scattering process we observe lower power densi-
ties for condensation. In a reference experiment we have
excited the same sample (at the same detuning and tem-
perature) with a normal Gaussian beam of spot size of
∼ 5µm. Fig. 4a shows the integrated PL peak intensity
of k = 0 for different excitation powers. The threshold
power density is more than two times higher in the case
of Gaussian excitation.
A clear advantage of separation of the condensate from
the feeding reservoir is in the strong reduction of the de-
pletion processes caused by condensate-reservoir interac-
tions [27]. Fig. 4b shows the linewidth and blueshift of
the condensate for the ring and Gaussian excitation cases.
Due to the absence of decoherence mechanisms by the
background reservoir in the case of ring-excitation, the
linewidth is narrower and it increases much slower than
in the Gaussian excitation. In the case of the ring exci-
tation the dephasing of the condensate due the interac-
tion with the exciton reservoir is strongly suppressed [28].
The blueshift of the condensate increases linearly with
the pumping intensity, in the case of ring-like excitation,
showing the linear increase of the mean number of con-
densed polaritons. In the case of Gaussian excitation, the
blue shift is strongly affected by the reservoir: it is twice
as large as in the ring-excitation case and slowly satu-
rates above threshold, indicating that exciton saturation
has been reached [29].
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FIG. 4. Normalized intensity, linewidth and blueshif. (a),
Normalized intensity with increasing power density for po-
laritons in the center (open black dots) of the ring excitation,
and for a Gaussian excitation (open red circles) measured
at k=0 ± 0.05µm−1 of the spatially filtered dispersion. (b),
Linewidth (in log scale) and blueshift (right axis) vs. exci-
tation power for polaritons at the center of the ring (black
circles, open black circles respectively) and a Gaussian exci-
tation (red triangles, open red triangles respectively). Lines
are guides for the eyes.
In conclusion, we have demonstrated the condensation
of a polariton bosonic gas in a two-dimensional optical
trap. This configuration allows for the formation of a
polariton condensate spatially separated from the excita-
tion area minimizing dephasing and depletion processes
associated with the excitonic reservoir. This highly effi-
cient excitation technique of exciton-polaritons results in
the spontaneous formation of a polariton BEC spatially
separated from the excitation laser and at more than two
times lower excitation densities compared to previous ex-
perimental configurations. In the case of a polariton BEC
formed through optical trapping the linewidth reduces
and clamps at threshold clearly evidencing that tempo-
ral coherence is not affected by increasing the occupation
number of the condensate. Disassociation of the conden-
sate from the excitation beam, conclusively settles the
debate on the inheritance of coherence of the polariton
condensate from the excitation laser.
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